Figure S1. The H2O generation curves of 19 independent BF-RMD simulations at 2498K (slashed lines distinguished by different colors) and the average H2O generation curves of these 19 simulations (black solid line). Figure S2 . Comparison between BF-RMD and aARRDyn of H2O products generated from combustion of H2 at 2498K as a function of hyper-time. Here we considered ΔV max = 50, 60, 70 and 80 kcal/mol. For BF-RMD, the physical time is the simulation time. For aARRDyn, the physical time is converted to hyper time by reweighing the simulation time using Eqn. 11 as shown in Table 1 . The colors are as follows: BF-RMD blue, aARRDyn, with ΔV max =50 kcal/mol green, = 60 kcal/mol red = 70 kcal/mol cyan and = 80 kcal/mol purple. The colors of the error bars are the same as the lines.
aARRDyn simulations (∆V max = 40 kcal/mol ) at 2498 K, all using ReaxFF-OH2014 and (C) the corresponding bias potential. Both simulations were carried out starting from exactly the same initial configuration. The simulation times are 10 ns for BF-RMD and 0.5 ns for aARRDyn. The time shown for aARRDyn is the hyper time, from reweighting the simulation time. The populations of H 2 O are shown in the right y-axis; the others are shown in the left y-axis. For clarity, the data on H, HO, H 3 O, HO 2 , and H 2 O 2 are shifted by 3, 6, 9, 12, and 15, respectively. A B C S10 Table S1 . Comparison of the dissociation energies between the published ReaxFF-OH2008 force field, the new force field ReaxFF-OH2014 developed herein by fitting to additional QM results. The QM is at the level of B3LYP/6-311G**. The energy unit here is kcal/mol.
Reactions
ReaxFF Table S2 . Comparison of the simulation times (t sim ) and hyper times (t hyper ) for 50% H2 loss (t reactant ) and for forming 50% of the H2O products (t production ) at 1898K all using ReaxFF-OH2008. We consider the BF-RMD simulation along with three cases of aARRDyn, with ΔV max = 20, 30 and 40 kcal/mol. All data in the Table S3 . Analysis of the reaction frequencies for the final step of H2O production. Listed here are the percentages of those reactions producing more than 1% of the water molecules at 1898 K. The data are obtained from 19 independent simulations by BF-RMD and aARRDyn with ΔV max =20, 30 and 40 kcal/mol. The reactions producing less than 1% are shown in the supporting information (Table S1) (5) 11 (5) 10 (6) r9 ReaxFF-OH2008. This is compared with the BF-RMD results extrapolated from higher temperature BF-RMD (from Figure 3) . All data in this 
